
u 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



Office 



_ . PCT/GB 0 0 /0 0 0 2 2 

09/89M81 



INVESTOR m PEOPLE 




W1PO 



P( 



The Patent Officp 
oncept House 
ardiff Road 
Newport 
Sbuth Wales 
^PIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the.. 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



Signed 

Dated 23 December 1999 ^ 



Executive Agency of the Department of Trade and Industry 



THIS PAGE BLANK (uspto) 




Patents Form 1/77 

,tcnLs Act 1977 

c 1 •. - 



FEB 1 995 



The 

Fktent 
Office 



B99 E^22270-l D02066_ 
POl/77.00 0.00 - 9902256.8 



Request for grant of a patent 

(See the notes on the back of this fftmu You can also get 
an vxfylanatory leajlet from the Patent Office to help 
you fill in this form) 




The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 IRH 


i. Your reference 

C522/W 


2. Patent application number 

(The Patent Office ivill fill in this part) 


9902256.8 




3. Full name, address and postcode of the or of 

each applicant (underline all surnames) 


UNOVA U.K. Limited 
26 Temple Street 
Aylesbury 

Buckinghamshire HP20 2RQ 




Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 


0 7 32 ^-5'2 /ec/ 




4. Title of the invention . . 



Angle head grinding method and apparatus 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(incliuiing the postcode) 



Keith W Nash & Co 
90-92 Regent Street 
Cambridge CB2 IDP 



Patents ADP number (if you know it) 



1206001 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of tiling of the or of each of these 
earlier applications and Of you know it) the or 
each application number 



Country Priority application number 

(if you know it) 



Date of filing 
(day / month /year) 



7. If this application is divided or otheiwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



8. Is a Statement of inventorship and of right 
to grant of a patent required in support of 

this request? (Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Yes a) 



Patents Form 1/77 



Patents Form 1/77 



9. - Enter the number of sheets for any of the 
following items you arc filing with this form. 
Do not count copies of the same document 

Continuation sheets of. this form 
Description 

Claim rs>) 
Abstract. 



0 

1 1 



10- If you are alsPj^filing^y of the fol foxing. ;|,| 
state how many against each item. 

Priority documents 
Translations of priority documents 
Statement of inventorship and right 

to grant of a patent (Patents Fortn 7/77) 

Request for preliminary examination 

and search (Patents Form 9/77) 



Request"*f0rjSubstantive*&xaminatic>n* 

(Patentsxtxornj^W/7'70 

An):4@therjadpcuinents, ..^ 

CpleasenSpecify) ^* 



11. 



I/We«requ^st the grant rof a patent^on the basis of this application. 
KEITH W NASH & CO, AGENTS 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



Mr Nash (01223) 355477 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit t or restrict your inve?ition in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Pateyits Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Paterit Offife unless an application has be^n filed at least 6^we^s*befgrehand in the 
United Kingdom for a patent for the same invention and either fio direction prohibiting publication or 
communication has been^given; or any such direction has been revoked. 

Notes 

If you 7ieed*help to fUMn this*fo7mtmr-you have'anyxiuesti0nsi-pleuse^eo7itaGt*^the*fPatent^®ff^Jon 0645 500303. 

b ) Write your answersHmeapital letters^fisingPblaeMnk orr,yo u**m ay.type^them^*^: 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see cofitinuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 



d) If you have atiswered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



DUPLICATE 

k : 

1 

C522/W 

Title: Ancle head Qrindina method and apparatus 
Field of invention 

This invention concerns angle head grinding in which surfaces 
perpendicular and- parallel to an axis of rotation are ground 
simultaneously by a single grinding wheel. 

Background to the invention 

EP0505836 describes an angular grinding • wheel for 
simultaneously grinding a cylindrical surface and a radial end 
surface, or shoulder, of a workpiece. Much of the disclosure 
in 080853 6 is concerned with the gauging and dressing of the 
two perpendicular grinding surfaces Ga and Gb around the 
periphery of the wheel so as to ensure that as the surface Ga 
removes material from a cylindrical region of the workpiece and 
the latter moves in a direction parallel to the Z-axis, just 
the right amount of material is ground away from the end face 
of the adjoining shoulder as the proximate cylindrica'l region 
is ground by the perpendicular face Ga, as to leave a correctly 
sized and ground shoulder. In order to achieve this, reference 
surfaces RSa and RSb are provided on the grinding wheel and 
complex gauging and dressing steps are required to ensure that 
the surface Gb is of sufficient extent (measured parallel to 
the X-axis) as to extend radially beyond the shoulder so as to 
. ensure that no undercutting of the shoulder can occur. 

It is an object of the present invention to provide an 
alternative grinding method and apparatus for angle head 
grinding which obviates the need for much of the complex 
gauging and wheel dressing such as is required using a process 
and apparatus such as described in EP0505836. 

It is also an object of the invention to provide a method and 



apparatus which allows angle head grinding to be performed 
without the need for special wheels and which can be performed 
without the need for movement of the workplace parallel to the 
Z-axis . 

Summar?/. of the inviemtion ^ 

According^^ to onei^_ asp^c^t of-, the.... presje:5it: invention, a 
conventional grinding wheel is mounted on a grinding machine 
wheelhead for movement parallel to the X and Z-axes of the 
machine (where the Z-axis is the axis of rotation of the 
workpiece and the X-axis is perpendicular thereto) , and wherein 
the wheel is mounted for rotation about an axis which remains 
parallel to the workpiece axis of rotation, X and Z-axis drive 
means are provided for moving the wheelhead relative to the 
woas^k-pi^ece pa^js^alle-iij, to - the X ,.and^ Z axes - res:pe'c^tively, and 
contro*t:r.,si\gnal.s -fd'r de-bermining-^t he- ^advance along* ?t he X and Z- 
axes5Har€i*'^demvedsr*^f rom^-^ ^prt®g3^amme;djp4gompuvfever?:^^w t^causes the 
whee^l^head.- tO; advancet*•■'towa•rdS51^.^.and^.into v^eng^erne^nt with the 
workp.iece . along- ^a ,.line -of : act ion whi-e-h. 3ubtend'S.fr.an ■ angle of 
less -than. 90° to -the Z-axis, the^ angle of approach being such 
as -to si*mu'i*'tanfi©jM»&l*^ ^plunge grinds an. an5i*ular*^.shoja*ivde^r at an end 
of the cylindrical surface and to grind the cylindrical surface 
adjoining the shoulder during a single advance of the wheel 
towards the workpiece. 

Typically the line of action achieved by the two X and Z 
movements of the wheelhead is 45° to the Z-axis. However 
different angles of approach may be employed. For example 
where the amount of material to be removed from the cylindrical 
surface is greater than that to be removed from ^the - adj oining 
shoulder,- the angle may be less^than 45°. Whe»se:- the -reverse 
is the case-, the ang-ie may# f or^ exampi^e be^gr.ea'^fee-r^tha^]a«-:45° . 

This aspect of the invention also lies in a method of 
simultaneously cylindrical and face grinding a workpiece using 
a conventional grinding wheel wherein a wheelhead on which the 
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grinding wheel is mounted is moved simultaneously parallel to 
and perpendicular to the axis of rotation of the workpiece so 
as to define a line of action along which the wheelhead moves 
towards and into engagement with the workpiece to perform a 
single plunge grind along thac line of action, the amount of 
material removed from the cylindrical and radial faces of the 
workpiece by engagement with the grinding wheel being just 
sufficient to form the shoulder and adjoining cylindrical 
surface in the single plunge grinding operation. 

It is an advantage of the method and apparatus proposed by this 
aspect of the invention that a conventional grinding wheel 
mounted for rotation about an axis which remains parallel to 
the workpiece axis of rotation, can be used for this purpose 
so that where the cylindrical surface which is to be ground 
extends over . an axially greater distance than that 
corresponding to the width of the wheel, as will normally be 
the case, the cylindrical surface can be ground in a 
conventional manner such as by means of a series of adjacent 
plunge grinds leaving an annulus of unground material which 
extends axially over a distance which -is less than the width 
of the wheel from an adjoining radial shoulder which 'is to be 
ground to size, where-after the wheelhead is advanced along a 
line of action selected in accordance with the invention so as 
to remove the unground annulus and grind the adjoining radial 
face' to size in a single plunge grind along the said selected 
line of action. 

This first aspect of the invention also lies in a computer 
controlled grinding machine when programmed to advance a 
wheelhead carrying a conventional grinding wheel mounted for 
rotation about an axis which remains pa,rallel to the workpiece 
axis of rotation, along a selected line of action into 
engagement with a workpiece where the line of action extends 
at an angle of less than 90*= to the axis of rotation of the 
workpiece, so that unground material forming part of 
cylindrical surface of the workpiece and an adjoining radial 
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end face of the workpiece can be ground in a single plunge 
grind, in which the wheelhead moves along the said line of 
action into engagement with the workpiece and away therefrom 
after grinding. 

AoGording to a second aspeot of the- inven-tlon, in . a -^-grinding 
machine in which a conventional grinding whee4^ is carried on 
a wheelhead which^'is itself adapted for movement along a first 
X-axis, a workpiece is rotated about a second perpendicular 
axis, the Z-axis, and is mounted on a carriage which is movable 
parallel to the Z-axis, and wherein the wheel rotates about an 
axis which remains parallel to the workpiece axis of rotation, 
and an X-axis drive is provided for advancing and retracting 
the wheelhead parallel to the X-axis and a Z-axis drive is 
provided for moving .the carriage parallel to ,the.--Z-axi-*s , and 
signa»l:S . ,are deissdved , f or contro^^^ ;the X and- Z axis drives 

from '*a .computer whi^ch is .programmed to generate ?(appropriate X 
and Z *:,.ax*i..s %dri-vei!'*»rcontroi' si:gnalts to produce-. ^simultaneous 
moveme'nfe»,:;Of the wheel head^^and woEkpieCte such •that-.v the. .^movement 
of the^sii^j/feee^l^head^^jtre'iat ive--*^^ the^ workpiece is along-^a line of 
action ;wh*ich'^subt^ends an angle with the Z-axis which is less 
than 90*^ , whe*:Feb*yvr the**fl<fext.espn^al , cyl indrical ^ su^rf ace' of the 
grinding wheel serves to remove material from the cylindrical 
surface of the workpiece and an adjoining circular face of the 
wheel engages the said radial shoulder of the workpiece to 
grind the latter to size as the wheelhead is advanced along the 
said line of action. 

This second aspect of the invention also lies in a method of 
simul.t.aneously gri^nd-i-ng --cylindrrisCal-f^^ andTi*-rad*i-.a*L ^- faces - of a 
workpi-ece using a conventional grinding wheel in which the 
latter is adva^nced'^^aLiong • a line which is perpendi^eular to the 
axis of V rotat-'ion'^ "of"^ the-^^wo-r-kpiece but - which ro&a^t=res -about an 
axis which remains parallel to the workpiece axis of rotation 
throughout, and the workpiece is moved axially in a direction 
parallel to the axis about which the wheel is rotating, so that 
the movement of the grinding wheel relative to the workpiece 
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is along a line of action which subtends an angle of less than 
90° to the axis of rotation of the workpiece, so that the 
external cylindrical surface of the grinding wheel will remove 
material from the cylindrical surface of the workpiece to be 
ground, and an adjoining circular face of the wheel, will engage 
and remove material from the radial face of the workpiece, and 
the angle made by the line of action relative co the axis of 
rotation is selected so that just the desired amount of 
material is removed from the said radial face, as the external 
cylindrical surface of the wheel removes material from the 
cylindrical face of the workpiece to bring it to size. 

This second aspect of the invention also lies in a computer 
controlled grinding machine in which a workpiece is movable by 
means of a carriage along an axis parallel to the axis of 
rotation of the workpiece and perpendicular to the direction 
of advance and retraction of a wheelhead carrying a grinding 
wheel in which the wheel is mounted for rotation about an axis 
which throughout remains parallel to the workpiece axis of 
rotation, when programmed to move the wheelhead and the 
workpiece carriage along the two orthogonal directions so as 
to produce a net movement of the wheelhead relative to the 
workpiece along a line of action which subtends an angle of 
less than 90°, relative to the axis of rotation of the 
workpiece . 

Wh-ere the plunge grinding can be performed quickly it is not 
essential to ensure that cooling fluid flows reliably over the 
grinding wheel and the workpiece surfaces. However where it 
is desirable to introduce coolant so as to restrict the rise 
in temperature of the wheel or the workpiece or both, a third 
aspect of the invention provides a modified grinding wheel for 
use in either of the methods and apparatus described in 
relation to the first and second aspects of the invention, 
wherein the external edge face of the grinding wheel is formed 
so as to provide two grinding faces of which one parallel to 
the axis about which the wheel rotates, but which comprise 
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first and second f rusto-conical surfaces, the first frusto- 
conical grinding face being perpendicular to the second frusto- 
conical grinding face, and the grinding v/heel is mounted for 
rotation about an axis which makes the same angle with the axis 
of rotation of- the^. 'WQp:sifj<sp;±:^Q.e as the^ firstv frus^to-coniqal 
surf ace -makes twith the> ex^is of ro'tat ion-,.of che4;-*gr3rrndrng^whee*l , 
so that the said first f rusto-coni-cal su*rf ace ^ will 
cylindrically grind the- cylindrical . workpiece surface, and the 
wheel is- mounted on a wheelhead which itself is movable at 
least perpendicularly to the axis of rotation of the workpiece 
and can either be moved parallel to the axis of rotation of the 
workpiece, with separate drives to produce the said two 
perpendicular movements, to advance the grinding wheel to 
towards the workpiece along a line of action which is 
perpendicular to the axis of rotation of the wheel, or the 
wo r kp/i-:ecie^ yd. • mo-isbR'.feieid^C'on-^a *ic affjs^^^^Gh ^wk-i^cht.::-.! t s;e#l«f£ is s 1 i dab 1 e 
paraifMe^l^to.-ctheiwaseii^ / and drive 

mea-a^s>M^is, *.pg^^iBtd:ejd^vfd^^ , and the 

whe e*l*kefadiw4amdts^ c a35B3^^ta^^l^p|d:l3^ se«stop:§i^a^&ed , s o as to 

ae^hi?eve««»fehejwis aina^i^isr e?iraitsfi*i^ heitewhe e 1- and t he 

wo r kp4?e^e/ei^ a i<©,n'gjgit hre^w^s aiasaftrl i^neMo ft^ '3. e-^it^ion*;"-^ s ©isat hat ho we ve r it 
i s moved^filit the*nwhEe^e<i*^-'m®^e •sengfajgte^ne^iiife*c":wi*itht'"t he* workpiece 

along the said line of action, and coolant is dispensed into 
the workpiece engaging region at least between the said second 
f rusto-conical grinding surface and the radial shoulder of the 
workpiece being ground. 

According to this third aspect of the invention, in a method 
of simultaneously grinding cylindrical and radial surfaces of 
a workpiece, a g3;:,inding ^wheel having two pe-rpendicular^f rusto- 
conical gr^i-ndi-ng faces around its periphery is mounted for 
rotation abotuit ' an^^ axi-s which is co-axial with the coincident 
axes ofj*"^"th^Ji^tw®-r conesvv-^of which the^ f rusro-conical grinding 
surfaces form a part, the grinding wheel is mounted on a 
wheelhead so that one of the said orthogonal f rusto-conical 
grinding surfaces will cylindrically grind a cylindrical 
surface of the workpiece, and relative movement is effected 
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between the wheelhead and the workpiece so that the wheel 
engages the workpiece with the said one of the f rusto-conical 
surfaces engaging to the cylindrical workpiece surface, and the 
other f rusto-conical surface simultaneously engaging the radial 
surface which is to be ground, and a single plunge grind is 
performed along the line of action defined by the said relative 
movement such that just the required amount of material is 
removed from the two orthogonal surfaces of the workpiece as 
to leave both ground to size after the single plunge grind, and 
coolant fluid is directed into the region of engagement between 
at least one pair of grinding and workpiece surfaces. 

The third aspect of the invention also lies in a computer 
controlled grinding machine having a grinding wheel mounted on 
a wheelhead thereon for rotation about an axis which is coaxial 
with the coincident axes of two orthogonal frusto- conical 
surfaces formed around the periphery, of the grinding wheel, 
wherein the machine is programmed to produce, relative movement- 
between the wheelhead and the workpiece along a line of action 
which is perpendicular to the axis of rotation of the wheel so 
that a single plunge grind will remove material from a radial 
and a cylindrical surface of the workpiece simultaneously. 

Whereas it is- generally unnecessary to dress a conventional 
grinding wheel other than to maintain a true surface around the 
periphery of the wheel for grinding, the modified grinding 
wheel proposed by the third aspect of the invention may involve 
the need to dress at least one if not both of the frusto- 
conical grinding surfaces, particularly that which engages a 
workpiece face . 

The invention will now be described by way of example, with 
reference to the accompanying drawings in which the three 
Figures illustrates the three different aspects of the 
invention . - - • 
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Detailed description of drawinps 

In Figure 1 the bed of a grinding machine 10 has mounted 
thereon a slideway 12, 13 on which a Z-axis platform 14 is 
mounted for- :*mOiV*eme*i5itfe* :pa«»a?llel to^.. the* -^Z -'axis,, ie. -the- axis of 
rotation ofra w<s>>iiskfpA.eGe^<§emer^aylly desiflAgnait5»ed- 16 sait&ried'^between 
centres^ 13 and.2 0. A Z-axds drive-*-2 2 mo>\z:es-che-i® bat form 14 on 
the slide^/4^ay 12, 13 to position the platform axially relative 
to the Z-axis and therefore the workpiece 16. 

Carried on a second slideway 24, 25 is a wheelhead 26 on which 
is mounted a motor 28 carrying a large diameter conventional 
grinding wheel 30. An X-axis drive 32 serves to move the 
wheelhead 26 perpendicular to the Z-axis along the slideway 24, 
25 to advance and retract the wheel 30. 

The- • =w0r^fep@^;©^ejNltl 6^'T^in<^l%udetS* -t w©^c.§^inj^*a4i^je;^a-^^ reg;^©.n'S- . 3 4 and 3 6 
wit?:h a »ra:^djg;l*^skgjpi^^ 

3 4 an.dH.-3t Heptsma^^l^^si^isdi^m'^ Th^ewne en^re - 1 8 ext ends 
f rom *a i'^^c.e.dii^t amLism<s>:^}^0isS^ Oi^aia^^ hr^lisip eaa^ts^r^e*^ 0tl*f r^,m*>^a he^ds took 

4 2 wh^^L<ch^alliin'cd■iudtelS|^i^a >i*.roA%a^t5fi:o^m:atli|^dr^i^ 4 4- and driving 
device>^Aoi:'f das^K.engtai,gjffi^^ the larger 
diameter end 34 of the workpiece 16. The engagement between 
46 and 48 causes the workpiece to be rotated relative to the 
centres 18 and 20 around the Z-axis. 

A -computer 50 provides control signals for the X and Z drives 
and receives signals from one or more gauges such as 52 and 
optionally 54 to control the motion of the platform 14 and 
wheelhead 26 carried thereon so that the wheelhead and 
therefore the .grinding wheel 3 0 moves relative to the machine 
10 along - the-'-dot-ted'^line 54 . 

The" compui'ter '50., is programmable >so as to alter the angle that 
line 54 makes to the Z-axis and is also programmable so as .to 
perform conventional plunge grinding to cylindrically grind one 
or both of the cylindrical regions 34 and 36 of the workpiece 
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as required. 

Figure lA shows in larger scale the movement of the grinding 
wheel 30 towards the junction between the smaller diameter 
region 3 6 and the larger diameter region 34 of the workpiece 
16 shown in Figure 1. The direction of movement between the 
grinding wheel 3 0 and the workpiece is shown by the dotted line 
54 in Figure lA, 

Figure 2 is similar to that of Figure 1 except that the 
w/heelhead is mounted for movement parallel to the X direction 
only on two slideways 56 and 57 carried by the machine 10. 
Movement parallel to the Z-axis is achieved by mounting the 
tailstock and headstock on a carriage 58 having its own Z drive 
60 . 

Relative movement between the wheel 30 and the workpiece 
generally designated 16 achieved so as to describe a similar 
movement to that of Figure 1 along a line such as 62 (shown in 
Figure 2) , by supplying appropriate signals from a computer 50 
to the X and Z drives 32 and 60 so that as the wheelhead 26 is 
moved towards the workpiece, so the carriage 58 is moved along 
the Z-axis. 

To this end the carriage is slidable on a second slideway 64, 
65 also mounted on the machine 10. 

Figure 3 is similar ^to Figure 1 in that a grinding wheel is 
carried by a wheelhead 26 having an X-axis drive 32 for 
movement perpendicular to the Z-axis on a slideway (not shown) 
carried by a platform 14' , itself slidable on rails 12' and 13' 
carried by the machine 10 . . A Z-axis drive 22 moves the 
platform 14' along the rails 12', 13' parallel to the Z-axis. 

A computer 50 provides appropriate control signals for the X 
and Z drives 32 and 22 so that the wheelhead 26 describes a 
path parallel to the dotted line 70 so as to bring the wheel 



10 

into engagement with the workpiece . 

As best seen in Figure 3A, the grinding wheel edge is formed 
to provide major and minor f rusto-conical grinding surfaces 72 
and" 74 re'spe;€'t ivel-y . The two su^rf aces^ are orthogonal . so that 
when '-viewed edg^e , the -two surfaces -def>ine ■ -cwo^pei3spen<d<a?cular 
edges-7D and 78 which are parallel- respectively to the ^smaller 
diamet-er_ cylindrical^ surface >36 and the., radial surface 38 
between it and the larger diameter workpiece region 34. By 
moving the grinding wheel in the direction of the arrow 80 
towards the vertex between the radial surface 3 8 and the 
cylindrical surface 36, so material can be removed from the 
workpiece in a single plunge grind. Material still to be 
removed by the plunge grind is shown in the cross-hatched area 
82 between the two f rusto-conical surfaces 72 and 74, and the 
wor kpii^e^oe^r^' ' 

It is, 'to beMun$i:^*:^s?t^^eLd th^a^t, .th:e.'^modif iedv.grindi'^n^^^ shown 
in Figui^.s%*^3 -^an^^^JA/ca'n *al»sQ^^be*' us.ed^^to rern<3.:vie. ^3ma*fee2>ial from 
the'-:'cylindii?±*ca4^ su»r&ace^ the -surf aoe- 3 4- .-away from the 

shoulder-^ 3 8 by., pLunge grind*i.ng'si^ so as to bring the frusto- 
cdnical'- su>r.f aee- '"72"":into gri-nd4png»^*contact wi«.th the^-^cyldndrical 
surfaces of the workpiece as appropriate. 

Referring back to Figure lA, it will be seen that if the 
grinding wheel 3 0 is moved closer in towards the shoulder 3 8 
and cylindrical surface 3 6 along the line 54 as previously 
described, a point will be reached where the circular face 31 
of the grinding wheel 30 will come into contact with a 
m.aterial which is to be removed from the shoulder 3 8 and the 
cylindrical surface 33 of the wheel 3 0 will simultaneously come 
into contact with the material which is to be removed from the 
cylindrical surf a-ee' "3 6 * so that-^ continued moveme-n-t along the 
line 54 will simultaneously remove material from the shoulder 
38 and the region 36 of the workpiece until the vertex is 
reached and the material forming the surface' 3 6 has been ground 
to size and the shoulder 38 ground back to the desired axial 



position along the length of the workpiece by engagement with 
the face 31. 

In each of the cases described the grinding wheel is typically 
comprised of a central circular core and an abrasive annular 
layer containing CBN grit although it is to be understood that 
any other appropriate grinding material may be employed. It 
is of course necessary for the annular region of the grinding 
grit to extend radially inwardly by more than the radial depth 
of the shoulder which is to be ground such as 3 8 and in the 
case of the angular wheel such as shown in Figures 3 and 3A, 
needs to have a sufficient depth to enable the two -frusto- 
conical surfaces to be formed. 

Since wear will occur and there will be a need to redress some 
of the surfaces of the wheel as it is used, the annulus is of 
sufficient radial extent to accommodate the anticipated wear 
and redressing requirements s.o .as to. give the wheel a useful 
life before it has to be demounted and replaced. 



THIS PAGE BLANK (uspto) 



THIS PAGE BLANK (uspto) 



1 




